Tertiarybutylarsine — “It works better than arsine with less risk”  by unknown
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Tertia, rybuty la  rsi ne - 
" I t  works  bet ter  than 
ars ine with less r isk" 
MOCVD is recognized as a key technology for manufacturing due to its high throughput, short 
downtimes, and scaleability to large reactors. However, there are  two  primary disadvantages 
of MOCVD: lower material purity compared to MBE and safety concerns due to highly toxic 
arsine gas. Tertiarybutylarsine (TBA) is a low vapour pressure, less toxic liquid that is now 
widely accepted as a safe replacement precursor for arsine. In this report it is demonstrated 
that TBA can produce significantly purer films than arsine at a much lower risk. 
R 
esearchers at Sandia Na- 
tional Laboratories in Albu- 
querque, NM, used A1GaAs/ 
GaAs two-dimensional e ectron gases 
(2DEGs) as an ultimate test of 
material purity, since the low tem- 
perature mobility of 2DEGs is ex- 
tremely sensitive to background 
impurities. The samples were grown 
in a high-purity EMCORE GS/3200 
reactor and the source materials used 
included TBA, TMG and TMA from 
Air Products and arsine from Solk- 
atronic. All of the samples were 
grown at a pyrometer temperature of
640°C on 2 inch (001) 2°off-cut to 
(110) semi-insulating GaAs wafers. 
In previous work with arsine, San- 
dia demonstrated 2DEGs with mobi- 
lities up to Is = 7.9 x 105 cm2Vqsq for 
a low electron density of q = 3.0 x 
101~ cm -2 at 0.3K. These 2DEGs had 
the highest mobility figure of merit 
~t/r13/2 to date and exhibited the 
fractional quantum Hall effect for 
the first time in MOCVD material. 
Sandia has further optimized the 
mobilities of 2DEGs grown with 
arsine by varying the V/Ill ratio, 
buffer structure, and spacer thickness. 
The V/Ill ratio had little effect on 
arsine 2DEG mobility over the range 
of V/Ill ratios studied (190 to 98). 
Varying the buffer structures had 
little effect on the 2DEG quality; 
however, the variation of spacer 
thickness resulted in a peak mobility 
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Figure 1. 
of 1.0 x 10 6 cm2V- l s  -1 which is 
comparable to the best reported to 
date for MOCVD materials. 
For growth using TBA, an increase 
in mobility was observed as the V/III 
ratio was increased from 43 to 87, 
probably due to a decrease in carbon 
concentration i  the epilayers (Fig. 1). 
At an even higher V/Ill of 174, the 
mobility remained the same as the V/ 
1II of 87 sample, probably since the 
carbon concentration was reduced to 
a level where it was no longer the 
limiting scattering source. At the 
higher V/I l l  ratios, the 2DEGs had 
a mobility of 1.8x106 cm2V-ls -1 after 
i l lumination at 0.3K. For com- 
parison, Sandia also grew an identical 
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Figures 2a and 2b. 
2DEG sample with arsine at a V/III 
ratio of 190; the mobility of the arsine 
sample was 1.0xl06 cm2V-ls -l after 
illumination, significantly lower than 
the TBA mobilities. 
Investigations were performed on 
the dependence of TBA 2DEG mobi- 
lity on spacer thickness. The dark and 
light mobilities at 0.3K for these 
samples are plotted in Fig. 2a together 
with mobilities of arsine-grown sam- 
ples. The mobility of the TBA sam- 
ples depends in the same manner on 
spacer thickness as the arsine samples. 
The mobility peaked at a spacer 
thickness of 440A, with larger and 
smaller spacers yielding lower mobi- 
lities due to decreased carrier density 
and increased impurity scattering, 
respectively. The carrier density de- 
pendence in spacer thickness is also 
shown in Fig. 2b and follows closely 
with that of the arsine samples. The 
peak mobility at a spacer thickness of 
6 2 1 1 440A, was 2.0x10 cm V- s- , the high- 
est mobility achieved to date by 
MOCVD. 
Figure 3 compares the TBA results 
with the best MOCVD samples to 
date by plotting low temperature 
mobility as a function of carrier 
density. The arsine 2DEGs are 
comparable to the best reported to 
date, implying that the purity of the 
arsine and reactor are excellent. Even 
so, the TBA 2DEGs have 
significantly higher mobili- 
ties than all of the previous 
results based on arsine. 
In addition, comparisons 
of longitudinal resistance as 
a function of magnetic field 
at 0.3K were performed on 
samples grown with arsine 
and TBA. Sharp minima in 
the longitudinal resistance 
as a function of magnetic 
field can be seen at frac- 
tional filling factors of 4/3, 
5/3, 7/5, and 8/5 in a pro- 
gression towards 3/2. These 
features are much sharper 
than observed with arsine 
samples. 
In order to understand the 
higher mobilities of TBA- 
grown 2DEGs compared to 
arsine 2DEGs, thick GaAs 
and A1GaAs layers were 
500 55( 
grown with TBA and arsine. 
With arsine, 81am thick 
GaAs layers were grown 
with varying V/Ill ratios 
from 40 to 150. The GaAs changed 
from p-type to n-type as the V/Ill 
ratio was increased to above -60. This 
p-type to n-type conversion was due 
to reduction in carbon concentration 
with increasing V/Ill. Near the cross- 
over point, the carrier concentration 
was as low as 11 = 2 xl014cm -3while at 
high V/Ill ratios, rl-lxl015 cm -3. This 
n-type background has been reported 
to be Ge or Si from germane or silane 
impurit ies in 
incorporation. However, since the 
GaAs remained p-type even at high 
TBA V/Ill ratios, the donor impurity 
concentration was very low compared 
to arsine samples. A similar behaviour 
was observed for A10.zsGa0.75As 
grown with arsine and TBA. Thus, 
films grown with TBA have lower 
carbon and donor (Si or Ge) impurity 
concentrations than arsine-grown 
films, resulting in material purity 
comparable to MBE. With the ad- 
vantages of both safety and purity, 
TBA may well become the standard 
arsenic precursor for production and 
development, thereby bringing closer 
the advantages of MBE compared .to 
MOCVD. 
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the arsine. In 
contrast ,  for 
81~m GaAs  
layers grown 
with TBA cov- 
e r ing  V / I I I  
from 5 to 120, 
al l  samples  
were p - type  
with decreasing 
carrier concen- 
trat ion down 
to <2x10 z4 
cm -3 fo r  
inc reas ing  
V/III ratio. The 
reduction in p- 
type concentra- 
tion with in- 
creasing V/III 
was similarly 
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